Abstract-Many studies using computational fluid dynamics (CFD) analysis have been performed on the concentration distribution of indoor contaminants generated in building materials. This study was an attempt to quantitatively evaluate the effect of the contaminant emission source on the concentration and breathing quantity in a human breathing area using the contribution ratio of pollution (CRP) along with CFD analysis. The modeled human body is placed lying and sitting in a room. It is ventilated with natural infiltration. We applied these concepts to the more realistic case of inhalation by a human occupant in a room with three dimensional CFD, assuming the human mouth at inhalation to be an exhaust opening. As a result, the contaminant that was emitted from the floor had a significant influence on the breathing quantity of the contaminant. CFD analysis also indicate that the quality of the breathing air depends on the flow field around a human body.
INTRODUCTION
There have been increasing efforts to improve energy savings and the efficiency of building insulation in industrial structures through the use of new composite chemical building materials. In particular, in the case of high-rise office buildings, which are totally dependent on mechanical ventilation, the deteriorating indoor air quality can have a deleterious effect on the health and work efficiency of the buildings' occupants. [1] [2] [3] In this study, we quantitatively evaluated the effect of the contaminant emission source on the concentration and breathing quantity in a human breathing area using the contribution ratio of pollution source (CRP) index. [4] [5] [6] [7] II. METHOD
A. Contribution Factor Assessment using the CRP Index
CPR1* is a non-dimensional coefficient that is calculated by dividing the contaminant concentration in the human breathing area by the contaminant concentration at a random location, which is 1.0 at the human breathing area. Therefore, assuming that the surface concentration in each contaminant emission source is the same, if the variation of the CRP1* value near the human breathing area is large, the effect of the indoor environment factor on contaminant diffusion, which occurs in the emission source, is large. CRP1* is defined by the following equation.
where C p is the contaminant concentration in the human breathing area (g/m 3 ), and C x represents the mean contaminant concentration at a position x (g/m 3 ). CRP1* is an index that represents the concentration distribution in the studied space of the contaminant occurring at each contaminant source, while CRP2 is an index that represents how many rates the contaminant occurring at each source contributes to the contaminant total breathing quantity of humans. Therefore, the sum of the contribution rates of all the contaminant emission sources shall be 100%. CRP2 is defined by the following equation.
where H p,n is the contaminant amount taken in by a human p due to the emission source n (g/h), and H p is the total sum of the contaminant amount taken in by a human p due to the emission source n (g/h). Figure 1 shows the analysis of the target space as per CFD. The length, width, and height of the office space were 8, 6, and 3 m, respectively. The room has two air inlets and two outlets, both of which are in the ceiling and have the same size of 0.4 m × 0.6 m. Fresh air are supplied only by the mechanical ventilation through the inlets; the air flows out of the room through the outlets. A window is installed on the inner wall of the room and is closed. Four humans are present in the target space. Table 1 shows the CFD analysis boundary condition for analysis of the contribution rate of the contaminant emission source. The number of ventilations was 4.0 times/h, which was deemed to be appropriate ventilation, while the temperature of the indoor space was set as 26 °C to represent summer. The studied contaminant toluene was assumed to diffuse in all directions in the indoor space except for the window glass, where contaminant sorption cannot occur, and the concentration of toluene was set as 182 g/m 3 , which is saturation concentration at 26 °C. Furthermore, heat radiation due to the temperature difference between indoors and outdoors and human body heat was taken into consideration. [8] [9] [10] III. RESULT Figure 2 shows that the concentration of the breathing area of each person, which was produced based on the CFD interpretation result, was set to a reference value of 1, and the concentration distribution of the contaminant was diagrammed using the CPR1 index. Regardless of one's location, if a person was located near the inlet in the same cross-section area, the CPR1 recorded was relatively higher. This was because toluene, which was emitted from the bottom where the contaminant emission areas were the largest, was diluted by fresh external air supplied through the inlet. On the other hand, in the case of the outlet area where the airflow speed distribution was relatively lower, CRP1* was similar. However, CRP1* is a relative value of the concentration of the contaminant in each location with regard to the concentration of the target person's breathing area. Therefore, its value was also relative, thus it cannot be accepted as a reference value of the assessment. When a person stayed in an area where the variance was lower according to the CRP1* variance near the person, the 
B. CFD Analysis Boundary Condition

Analysis of Diffusion Field
After airflow field analysis, the water (distilled water) saturation concentration on the surface of the building material was set to Cs = 182g/m 3 to analyze the pollutant diffusion in the space.
contaminant generated from the adjacent building materials could directly influence the concentration distribution in the human breathing area. In this case, if a contaminant generation amount is large, it can cause an adverse effect on human health, which means this must be taken into consideration. On the other hand, where the CRP1* variance is larger, the concentration of the contaminant generated from the materials cannot directly influence the concentration distribution in the human breathing area due to the indoor environment factors. Because of this, if a human working environment were created in a place where CRP1* variance was larger, the breathing quantity of toluene could be reduced locally in the same environment condition. Figure 3 and Table 2 show the CRP2.
Regardless of the condition and location of the human, the contaminant generated in the floor showed the largest effect on the human breathing area. Furthermore, in the case of Person C, the ratio of total breathing quantity, which was emitted from the left side walls, was more than two times larger than those of Persons A and B. This is because the movement of the contaminant generated from the right side walls was blocked by air inflow flowing around the wall side so that the contaminant could not influence the concentration of the contaminant near the human breathing area. On the other hand, in the case of the ceiling and floor, where the contaminant was generated nearly in the same areas, the contaminant that was emitted from the floor had a big influence on the breathing quantity of the contaminant.
IV. CONCLUSION
In this study, a diffusion analysis was performed on the contaminants emitted from building materials in an indoor space using numerical CFD analysis. Furthermore, the effect of the diffusion concentration on indoor human breathing was quantitatively assessed using the CRP index. As a result, the following conclusions have been obtained. If CRP1* is used, the concentration distribution at each area can be identified based on the concentration of the human breathing area. However, the CRP1* index is a relative value; therefore, the effect of indoor environment factors on contaminant concentration distribution in the indoor human breathing area can be assessed by identifying the variance of CRP1* around the human. Therefore, the effects of concentration reduction can be expected locally by placing a human working area in a place where the variance is large in the same conditions.
The effect of the contaminant emission amount in the sources in the indoor space on the contaminant total breathing quantity was assessed using CRP2. Increased indoor air quality improvement shall be required through the removal and dilution of the contaminant emission sources if the emission source with the CRP2 index of the human is higher.
